S.1 α --phellandrene Degradation Mechanism
Addition of O3 to the double bonds in α--phellandrene occurs through the well--established Criegee mechanism (Johnson and Marston, 2008) , forming primary ozonides POZ1 and POZ2. These structures can rapidly interconvert (Mackenzie--Rae et al., 2016) , and decompose to yield four Criegee intermediates, CI1, CI2, CI3 and CI4, as shown in Figures S.1.1 and S.1.2. The CIs, stabilised or chemically activated, can decompose through unimolecular processes as those described in this supplementary entry, with thermalised CIs additionally able to partake in bimolecular reactions with available atmospheric species (Johnson and Marston, 2008; Vereecken and Francisco, 2012) . The following discussion, though not exhaustive, does provide an overview of what are thought to be the most important pathways in the ozonolysis of α--phellandrene, leading to the second--generation product ions detected by the PTR--TOF. 
S.1.1 Hydroperoxide Channel
Excited syn--CIs can access the hydroperoxide channel, whereby the CI rearranges via a syn--sigmatropic hydrogen shift into a vinyl hydroperoxide, before dissociating into an OH and alkyl radical (Johnson and Marston, 2008; Vereecken and Francisco, 2012) . Further reactions of the alkyl radical lead to a range of multifunctional products. This channel is generally used to explain OH radical formation during alkene ozonolysis, with experimental OH yields suggesting it is accessed approximately 35 ± 12% and 15 ± 7% of the time by α--phellandrene and its first--generation degradation products respectively.
Conventional thought is that the hydroperoxide channel proceeds through a 1,4--hydrogen shift (Johnson and Marston, 2008) , with the mechanism shown for CI2
and CI4 in Figures S.1.1 and S.1.2, yielding HP2 and HP4. Subsequent decomposition through OH loss follows, with an oxygen molecule adding to the 2--oxo--alkyl radicals yielding the peroxy radicals RAD2 and RAD4. The peroxy radicals can react with other peroxy radicals or atmospheric species to give alkoxy radicals OX2 and OX4, or react with other peroxy radicals in a disproportionation reaction to form α--hydroxycarbonyls (ROH2, ROH4) and α--dicarbonyls (CARB4). The alkoxy radicals formed from the hydroperoxide channel of CI2 and CI4 have a number of possible fragmentation and re--arrangement reactions however, given the presence of α--carbonyl groups, fragmentation into CHO and a dicarbonyl species (CARB3, CARB7) is thought to dominate (Jenkin et al., 1997; Vereecken and Peeters, 2009 ). The alkoxy radicals can also react with HO2 to form the α--hydroxycarbonyls ROH2 and ROH4, whilst OX2 can also react with O2 to produce CARB4.
Whilst a conventional 1,4--hydrogen shift is available in CI1 by engaging the syn--methyl group, theoretical calculations showed an allyl--resonance stabilised 1,6--hydrogen shift to form HP1 is exceedingly favoured (Mackenzie--Rae et al., 2016 ).
An analogous channel forming HP3 from CI3 also exists, which is important, as conventional 1,4--hydrogen shifts are structurally unavailable in CI3. Upon loss of OH, electron density is spread over 3 carbons, providing multiple quasi--radical sites for oxygen addition. Theoretical calculations suggest all canonical structures contribute, with formation of the more stable tertiary peroxy radicals shown in Figures S.1.1 and S.1.2. After oxygen addition, resonance effects are no longer important, with the reaction mechanism proceeding as described for CI2
and CI4. Decomposition of OX3 yields the dicarbonyl CARB3. The major product expected from the decomposition of OX1 is CARB2. Meanwhile the isopropyl radical can form acetone, acetaldehyde and formaldehyde, all of which are detected in large quantities in the PTR--TOF. Multiple fragmentation and re--arrangement (e.g. 1,5--H shift) reactions are also possible for all radical species produced in the hydroperoxide channel of α--phellandrene CIs, with a plethora of products expected (Atkinson, 1997; Atkinson and Arey, 2003) , the detail of which extends beyond the scope of the present study.
S.1.2 Ester or 'Hot' Acid Channel
Excited CIs can additionally re--arrange to form dioxiranes, although theoretical calculations show this to only be competitive for anti--conformers of CI2, CI3 and CI4 to form DIO2, DIO3 and DIO4 respectively (Mackenzie--Rae et al., 2016).
Dioxiranes are known to rearrange to acids and esters (Vereecken and Francisco, 2012) , with theoretical calculation showing re--arrangement of DIO2 and DIO4
to epoxides EPOX2 and EPOX4 is also possible. This reaction has precedence in the organic literature where dioxiranes are used as strong epoxidising agents (Murray, 1989 (Atkinson, 1997) . The acids formed are analogous to pinonic and limononic acids, which are important SOA constituents in the ozonolysis of α --pinine (Ma et al., 2007) and limonene (Leungsakul et al., 2005; Bateman et al., 2009 ). 
S.1.4 Reactions of First--Generation Products
Ozonolysis of α--phellandrene does not break the molecule as a whole. As a result first--generation products, in general, retain olefin functionality and are susceptible to further ozonolysis. The mechanistic channels available are similar to what has been described for α--phellandrene, although now POZ decomposition segments the molecule, forming pairs of products consisting of a CI and stable carbonyl species. An example of this is shown in Figure 5 .
Figures S.1.1 and S.1.2 reference masses of products that are formed as direct carbonyl product from ozonolysis of first--generation products, which are also detected by the PTR--TOF. These include methyl glyoxal (m/z 73), which is formed from first--generation products CARB1, CARB2, CARB3, CARB5, CARB7, ROH1, ROH2, ROH4, ACID2 and ACID4, 2--propan--2--ylbutanedial (m/z 129) which can be formed from CARB1, CARB5, ESTER1a, ESTER1b, ESTER3 and ACID3 and 2--propan--2--ylpropanedial (m/z 115) which is formed from CARB3, CARB7 and ROH3. Analogous species can be formed with different functional groups according to parent species structure, although these are not detected by the PTR--TOF and are expected to be respectively minor.
Conversely CI fragments decompose similarly to the pathways discussed for CI1, CI2, CI3 and CI4 resulting in a much more varied product distribution, although
for second--generation CIs intramolecular SOZ formation (when available) is unlikely to occur due to excessive ring strain (Chuong et al., 2004) . Additionally the two novel channels discussed for α--phellandrene CIs, namely a 1,6--hydrogen shift and dioxirane epoxidation are no longer available pathways for the saturated second--generation products. Smaller CI products formed upon scission of the carbon backbone likely lead to the production of the small species (< C3)
that dominate the measured gas--phase product distribution e.g. formaldehyde,
acetaldehyde, formic acid and acetic acid. Additionally these smaller species are formed from fragments produced by radical--rearrangement and decomposition reactions that occur during gas--phase degradation e.g. glyoxal, acetone.
Meanwhile participation of larger CI fragments formed from each of the first--generation products through the different possible mechanistic channels rapidly yields a large number of potential second--generation products expressing a variety of functionalities (Aumont et al., 2005) . Detailing each of these products is out of the scope of the present study.
S.2 α--phellandrene PTR--TOF Fragmentation
The fragmentation pattern of α--phellandrene upon protonation has been studied twice in the literature (Misztal et al. 2012; Tani, 2013) , with fragmentation found to be significant. However both studies used a PTR--MS fitted with a quadrupole mass spectrometer. Transmission is known to be substantially different in the quadrupole and time--of--flight systems (Jordan et al., 2009) , and so results are unlikely to directly translate into the PTR--TOF system.
The fragmentation pattern of α--phellandrene upon protonation in the PTR--TOF was investigated twice. Firstly the fragmentation pattern was determined by adding five aliquots of α--phellandrene to a clean chamber and observing the resultant PTR--TOF spectrum. Only those species that trace the parent ion across all five additions are considered α--phellandrene fragments. In the second test α--phellandrene was injected once, and the effect of changing the drift tube energy by varying the voltage was investigated.
To determine the fragments of α--phellandrene, the correlation coefficient of each ion with the parent α--phellandrene ion (C10H17 + ) was determined. Results from the first experiment are plotted in Figure S .2.1. An empirical threshold of |R| = |0.9| is chosen to select potential fragment species. Other detected species are thought to be the result of background contaminants in the chamber.
Ions that fall above the selection threshold were plotted against the parent ion, with the gradient of linear fits determining the percentage contribution of the respective fragment relative to the parent ion. The contribution of a given ion to the total α--phellandrene signal is therefore given by:
where si is the slope of fragment 'i' and Fi + is the percentage contribution of 
S.3 PTR--TOF Drift Tube Settings
The major ions from Relative Abundance Reagent Ion Ratio candidate is product--product reactions, such as gas--phase accretion. To test the validity of this proposition, the simple model described in Section 3.1.3 of the main manuscript was extended by including the following code:
Results are plotted for Experiment 10, where the rate constants were set to k4 = k5 = 3.0x10 --19 cm 3 molecule --1 s --1 to achieve output on the same scale as the 
S.5 AMS Fragmentation Table
The default fragmentation table in the PIKA software was used, with modifications made to CO and H2O fragmentation coefficients (Chen et al., 2011) .
S.5.1 (CO + )org:(CO2 + )org
High--resolution analysis in the AMS is able to separate CO + and N2 + signals at m/z 28. Nevertheless the contribution particles make through CO + can be buried by the much larger N2 + signal from air, especially at low aerosol loadings. The The total signal intensity at m/z 18 contains contributions from molecular water (H2O + ), atomic oxygen ( 18 O + ), ammonia ( 15 NH3 + ) and ammonium (NH4 + ). The latter two are resolved by the high--resolution spectra and so their impact can be ignored, while the air term ( 18 O + ) was shown to be minor by measuring particle free spectra. Sources of molecular water are water in the air (humidity), molecular water in the particles and water produced by the decomposition of particulate species.
To quantify the organic contribution of water aerosol was generated through the ozonolysis of α--phellandrene, before the humidity was gradually increased.
Aerosol was given 1:15 hours to form, before humidity inside the reactor was changed from 10% to 95% over the next 3.5 hours. Throughout this time the AMS sample stream was periodically diverted so that it passed through an in--line HEPA capture filter (TSI). This created two sets of data, namely those with and those without particles.
The only source contribution to the m/z 18 signal when the HEPA filter is active is humidity. The default setting in the fragmentation table has, frag_RH = 0.01*frag_air[28], i.e. it is a expressed as a ratio of the measured signal for (N2 + )air. Plotting (H2O + )humidity:(N2 + )air against RH yields a line with slope (2.75 ± 0.09) × 10 --4 , as shown in Figure S .5.1. The figure shows the ratio of (H2O + )humidity:(N2 + )air, at humidity's used in this study (2 - 5%), is much smaller than the default AMS setting. Consequently when analysing the experimental data the following update is made, frag_RH = 0.0014*frag_air [28] .
For the non--filtered data set, water can come from the gas--and particle--phase.
The gas--phase contribution and molecular water existing inside the aerosol are both assumed to be zero at 0% RH, as all particle--phase water is assumed to evaporate. Therefore, a plot of (H2O + ) against RH yields the value of (H2O + )org at the y--intercept (0% RH), which was found to be 1.35 ± 0.06. The fragmentation table defines frag_organic[18] = 0.225*frag_organic [44] . That is, it assumes the contribution water makes to the organic aerosol is 22.5% that of (CO2)org (Aiken et al., 2008) . The (CO2 + )org signal is measured by the AMS, with the ratio of [(H2O + )org:(CO2 + )org] found to be 1.41 ± 0.09. Correcting for the differing relative ionisation efficiencies (RIE) of CO2 (1.4, Alfarra et al., 2004) and H2O (2, Mensah et al., 2011) , a value of [(H2O + )org:(CO2 + )org] of 0.99 ± 0.06 is obtained. As noted by Chen et al. (2011) , it is likely the multifunctional organic hydroperoxides prevalent in terpene ozonolysis results in a higher value than that proposed by Aiken et al. (2008) . Meanwhile a value of 0.99 ± 0.06 is in excellent agreement with a value of 1 proposed in the original fragmentation table of Allan et al. (2004) .
S.6 Discussion of Gas--Wall Losses
The volatile species propene, acetonitrile and cyclohexane were not observed to experience losses inside the GIG--CAS reactor (this study, Wang et al., 2014) .
Nevertheless recent studies have shown that low volatility organic gases experience considerable losses onto reactor Teflon wall surfaces (e.g., Matsunaga and Ziemann, 2010; Zhang et al., 2014; Yeh and Ziemann, 2015; Krechmer et al., 2016; La et al., 2016) . Studies have observed that organic compounds are not lost to the reactor walls, but rather partition between the gas--phase and Teflon walls in a reversible process that eventually reaches equilibrium. The time required for equilibrium depends on reactor geometry, pressure, turbulence inside the reactor and diffusion coefficients. Sorption of gaseous organic compounds to the wall and corresponding desorption from the wall back to the gas--phase can be parameterised using Raoult's law, treating the wall as a phase into which the organic compounds can partition (Matsunaga and Ziemann, 2010) . The equilibrium state thus depends on compound volatility and can be modelled analogously to gas--particle absorptive partitioning, originally developed by Pankow (1994) . Matsunaga and Ziemann (2010) argued that the fraction of an organic compound X that partitions into the walls at equilibrium is represented by:
where Cw is the equivalent organic aerosol mass concentration associated with the Teflon film, Kw is the gas--wall partitioning coefficient (with saturation concentration ! * being the inverse) and is equal to RT/Mwγw ! ! , where Mw is the mean molecular mass of the Teflon film, γw is the activity coefficient for the compound absorbed into the Teflon film, ! ! is the liquid vapour pressure of the compound, R is the ideal gas constant and T the temperature.
Wall loss of organics occurs in competition with gas--particle partitioning.
Assuming all SOA is absorbing so that CSOA simply becomes [SOA] and using the parameterisation of Pankow (1994) .
The fraction of an organic compound X remaining in the gas--phase at equilibrium (Fg) relative to its total concentration can therefore be given by:
For simplicity aerosol that is lost to the walls continues to be considered as constituting the aerosol phase.
Activity coefficients for ozonolysis products of α--phellandrene in SOA generated from its decomposition were calculated using the method discussed in the main manuscript, with values ranging from 0.1 - 4. The mean molecular weight of the SOA is assumed to be 200 g mol --1 in this work. With no available constraining information the activity coefficient of compounds absorbed into Teflon walls is assumed as 1 for simplicity (Matsunaga and Ziemann, 2010; Krechmer et al., 2016) . The mean molecular mass of the Teflon film is assumed to be 250 g mol --1 based on the masses of -[CF2CF2]n-and -[CF2CF(CF3)]n-subunits. Using these values, and given that R, T and ! ! are the same irrespective of the medium the vapour is partitioning into, the fraction of an organic compound in the gas--phase at equilibrium can be equated to:
assuming a value of γSOA = 1. The value of Cw is therefore an important parameter in determining the fraction of an organic compound that remains in the gas--phase and thus available for detection.
S.7 Comparison of SMPS and AMS Aerosol Mass Loadings
Wall loss rates calculated for density corrected SMPS and V--mode AMS data using the method of Pathak et al. (2007) are given in Table S .7.1. Minor differences are observed between experiments, however overall loss rates measured by the two instruments correlate well. Determined loss rates were used to correct respective loading data. A scatter plot of total mass loading as measured by the SMPS and AMS, after correcting for wall losses, is shown in Figure S 
S.8 SOA Density Parameterisation
This study used the same method for measuring particle density and particle composition as Kuwata et al. (2012) ; namely comparing AMS and SMPS measurements of vacuum and mobility diameters respectively for the density and using an AMS with Aiken et al. (2008) calibration factors to measure elemental composition. The parameterisation developed by Kuwata et al. (2012) for predicting densities from elemental composition is therefore expected to be applicable. Using the Kuwata et al. (2012) parameterisation densities were predicted using elemental compositions averaged over entire experiments, with results compared to measured values in the Fig.  S .8.1. Results are agreeable for most experiments except for those where the densest aerosol was produced (ρorg > 1.5 g cm --3 ). For these, predicted density is under predicted signaling either incorrect compositional measurements or that the parameterisation is not applicable. The majority of training data for the Kuwata et al. (2012) parameterisation is for SOA with ρorg < 1.5 g cm --3 , with validation experiments also utilising aerosol seed particles -a notable difference compared to experiments conducted in this work. With respect to experimental measurements, the elemental ratio calibration factors of Aiken et al. (2008) do carry significant errors and recently have been superseded by Canagaratna et al. (2015) . Further testing of density parameterisations is therefore recommended. 
